Activation of ATM and histone H2AX phosphorylation induced by mitoxantrone but not by topotecan is prevented by the antioxidant N-acetyl-L-cysteine.
The DNA topoisomerase II (topo2) inhibitor mitoxantrone (MXT) and topo1 inhibitor topotecan (TP) are antitumor drugs widely used to treat different types of cancer. Their mechanism of action is thought to stabilize otherwise transient ("cleavable") complexes between topo2 or topo1 and DNA; the collisions of the DNA replication fork during replication, or RNA polymerase during transcription, with these complexes convert them into double-strand DNA breaks (DSBs), potentially lethal lesions that may trigger apoptosis. In the present study we observed that treatment of human lung carcinoma A549 or promyelocytic leukemic HL-60 cells with MXT led to ATM activation and phosphorylation of histone H2AX on Ser-139, the reporters of induction of DSBs, in all phases of the cell-cycle. Only S-phase cells, however, underwent apoptosis after treatment with MXT, which implied that DSBs in the cells replicating DNA were more effective in triggering apoptosis than DSBs in G(1) or G(2)M phase cells. Unlike MXT, the treatment with TP induced ATM activation and H2AX phosphorylation almost exclusively in S-phase cells and only S phase cells underwent apoptosis. The induction of both ATM activation and H2AX phosphorylation by MXT was prevented to a large extent by N-acetyl-L-cysteine (NAC), a scavenger of reactive oxygen species (ROS). The protective effect of NAC was observed for cells in all phases of the cell cycle. NAC offered no protection at all against TP. The induction of DSBs by MXT, thus, appears to be predominantly mediated through ROS, while DSBs generated during treatment with TP most likely are a consequence of collisions of replication forks with the "cleavable" complexes.